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EXPERT DISCOVERY USING USER QUERY
NAVIGATION PATHS

BACKGROUND

Users spend a great deal of time searching for answers to
a question on the web. The efficiency in finding the answer
directly impacts user productivity. Experts in the questions’
topics presumably would be more efficient when searching
for the answers. Although techniques exist for identifying
topics of expertise for specific users, the computing time and
resources required to find experts in a particular topic can be
expensive.

SUMMARY

Disclosed herein is a method for expert discovery using
user query navigation paths, and a computer program prod-
uct and system as specified in the independent claims.
Embodiments of the present invention are given in the
dependent claims. Embodiments of the present invention
can be freely combined with each other if they are not
mutually exclusive.

According to an embodiment of the present invention, a
computing device determines that a user submits a query.
The computing device tracks proximate web activities to the
query by the user, determines a topic of the query, and
determines a navigation path of the user from the proximate
web activities. The computing device calculates a semantic
score for the navigation path and associates the semantic
score with the user, the topic, and the navigation path. The
computing device calculates a threshold score for the topic
using a sampling of semantic scores associated with match-
ing topics in an expertise dataset and determines whether the
semantic score meets the threshold score. When the seman-
tic score does not meet the threshold score, the computing
device performs one or more predetermined actions.

In one aspect of the present invention, the proximate web
activities by the user includes one or more web actions by
the user that are close in time with an issuance of the query.

In one aspect of the present invention, the calculating of
the semantic score includes using a cognitive model with
one or more of the following parameters: an expertise of the
user derived from a plurality of sources, where the semantic
score is adjusted when the user is determined to be an expert
in the topic; a number of steps in the navigation path; a
relevancy of contents of one or more webpages in the
navigation path; ranking of the webpages in the navigation
path according to levels of relevancy to the topic; the user’s
interactions with the webpages in the navigation path; and
an amount of time the user spends on the webpages in the
navigation path.

In one aspect of the present invention, the calculating of
the semantic score further includes determining at least one
follow-up query is issued by the user, calculating a second
semantic score for a second navigation path for the user from
proximate web activities to the follow-up query; and calcu-
lating a composite semantic score for the navigation path
and the second navigation path.

In one aspect of the present invention, the threshold score
represents a level of expertise above which the user is
assumed to be an expert in the topic.

In one aspect of the present invention, the predetermined
actions comprise one or more of the following: sending a
message to the user to connect to another user determined to
be an expert in the topic; sending one or more recommen-
dations of webpages based on webpages in topic-relevant
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navigation paths in the expertise database; and sending one
or more recommendations for modifications to the naviga-
tion path based on differences with the topic-relevant navi-
gation paths in the expertise databases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a computing environment for embodi-
ments according to the present invention.

FIG. 2 illustrates an exemplary embodiment of a method
for expert discovery using user query navigation paths
according to the present invention.

FIG. 3 illustrates a computer system which may be
implemented as the computing device or the client comput-
ing devices according to embodiments of the present inven-
tion.

DETAILED DESCRIPTION

FIG. 1 illustrates a computing environment for embodi-
ments according to the present invention. The computing
environment comprises a computing device 101 coupled to
a plurality of client computing device 105-107 over a
network 109, such as the Internet. The client computing
device 105-107 and the computing device 101 are coupled
to a web server 108 over the network 109. Although one
computing device 101 is illustrated, the computing device
101 may be a plurality of computing devices functioning as
a single logical computing device 101. Although one web
server 108 is illustrated, the web server 108 represents any
number of web servers in the network 109, which may be
implemented by any number of physical servers (not
shown). Users A-C, using their respective client computing
devices 105-107, may submit queries to the web server 108
via their client computing devices 105-107 through mes-
sages, instant messages, collaboration meetings, etc.
According to embodiments of the present invention, the
computing device 101 includes a monitoring module 102
capable of intercepting the queries in the message, instant
message, collaboration meeting, etc. (e.g. intercepting
HTTP requests to the web server 108) issued by a client
computing device 105-107 and tracking proximate web
activities by Users A-C. Proximate web activities include
web activities by Users A-C that are close in time with the
issuance of the query and thus are highly likely to be web
activities associated with finding an answer to the query. The
computing device 101 further includes an analysis module
103 for analyzing the queries and proximate web activities
using a cognitive model. Results of the analysis are stored in
an expertise database 104. The monitoring module 102 and
the analysis module 103 are described further below.

FIG. 2 illustrates an exemplary embodiment of a method
for expert discovery using user query navigation paths
according to the present invention. The monitoring module
102 determines that a User A, via the corresponding client
computing device 105, submits a query (201). This triggers
the monitoring module 102 to track the proximate web
activities by User A (202). The analysis module 103 deter-
mines the topic of the query (203). In determining the topic
of the query, the analysis module 103 may use a sematic
model to process User A’s search string, conversations,
chats, messages, instant messages, etc. and identify the
topic. The analysis module 103 determines a navigation path
of the user from the proximate web activities (204). The
proximate web activities include, but are not limited to, an
order of webpages that User A visits. The analysis module
103, using a cognitive model, calculates a semantic score for
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the navigation path (205) and associates the semantic score
with User A, the topic, and the navigation path (206). The
semantic score and its associated user, topic and navigation
path are then stored in the expertise database 104. The
calculation of the semantic score is described further below.
The analysis module 103 further calculates a threshold score
for the topic using a sampling of semantic scores in the
expertise database 104 that are associated with matching, or
similar, topics (207). Various statistical techniques may be
used to calculate the threshold score, such as time series
analysis or regression analysis. Other techniques that allows
one to find values that veer away from the normal distribu-
tion may be used to calculate the threshold score. The
analysis module 103 determines whether the semantic score
for the navigation path meets the threshold score for the
topic (208). Here, the threshold score represents a level of
expertise, above which a user may be assumed to be an
expert in the related topic. The comparison of the semantic
score and the threshold score is in essence comparing the
navigation path of User A with the navigation paths of the
matching topics in the expertise database 104. When the
semantic score for the navigation path of User A does not
meet the threshold, one or more predetermined actions may
be performed (208). For example, the analysis module 103
may send a message to User A to connect User A with
another user who has been determined to be an expert in the
topic. For another example, the analysis module 103 may
send recommendations of webpages to User A based on the
webpages in the topic-relevant navigation paths stored in the
expertise database 104, and/or send to User A recommen-
dations for modification to User A’s navigation path based
on differences with the topic relevant navigation paths in the
expertise database 104.

In calculating the semantic score for the navigation path,
per block 205, a cognitive model may be used to process any
combination of parameters, including but not limited to: the
expertise of User A derived from other sources, where the
semantic score may be adjusted when User A is determined
to be an expert in the topic; number of steps in the navigation
path; the relevancy of the content of the webpages in the
navigation path; the ranking of the webpages in the navi-
gation path according to level of relevancy to the topic; User
A’s interaction with the webpages in the navigation path,
such as downloading, bookmarking, following links on the
webpage, and sharing the webpage; and the amount of time
the user spends on the webpages in the navigation path.
Other parameters may include any follow-up queries issued
by User A, where another semantic score is calculated for
the navigation path used with the follow-up query. A com-
posite semantic score may then be calculated for the original
query and any follow-up queries. In calculating the thresh-
old score, the level of similarity between the webpages in the
navigation path of User A and the navigation paths in the
sampling may be used as a parameter.

Once the semantic score for the navigation path is calcu-
lated, per block 205, the semantic score may be stored in the
expertise database 104 and associated with User A, the topic,
and the navigation path. The expertise database 104 may be
initially populated by analyzing the navigation paths of
known experts in known topics. This initial dataset may also
be used as a training dataset for the cognitive model. As
more semantic scores are stored in the expertise database
104, the dataset from which the sampling of semantic scores
may be obtained also grows. As the dataset grows, the
accuracy of the calculation of the threshold score, and thus
the determination of the expertise of User A, also grows.
Optionally, the semantic score and how the semantic score
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was obtained may be displayed to User A. User A may then
provide feedback on the accuracy of the semantic score,
which can then be used to improve the cognitive model.

In an example scenario, assume that the monitoring
module 102 intercepts a message from User A with a
question, and an instant message from User B with another
question to other users (201). In response, the monitoring
module 102 tracks the proximate web activities of User A
and User B (202). The analysis module 103, using a seman-
tic model, determines that the questions in User A’s message
and User B’s instant message pertain to Topic A (203). From
the proximate web activities of User A and User B, the
analysis module 103 determines the navigation path of User
A and the navigation path of User B, respectively (204).
Assume that the following navigation paths are as follows:

User A navigation path: ibm.biz/BwerxDzy-->ibm.biz/

B42352-->ibm.biz/B2345-->ibm.biz/Bdx31451Y
User B navigation path: ibm.biz/BwerxD452267y-->ibm-
1biz/B42365465452

The analysis module 103 calculates a semantic score for the
navigation paths of User A and User B (205). Assume that
the User A semantic score is “87”, and the User B semantic
score is ““79”. The analysis module 103 associates the
semantic score of “87” with User A, Topic A, and User A
navigation path (206). The analysis module 103 also asso-
ciates the semantic score of “79” with User B, Topic A, and
User B navigation path (206). Each semantic score and its
associated data are stored in the expertise database 104.
Assume that the monitoring module 102 then intercepts a
collaboration meeting from User C with another question to
users (201), and in response, the monitoring module 102
tracks the proximate web activities of User C (202). Assume
that the analysis module 103 determines that the questions in
the collaboration meeting pertain to Topic A (203), and
determines the navigation path of User C (204) to be the
following:

User C navigation path: ibm.biz/BwerxDz62255Y
Assume that the analysis module 103 calculates a semantic
score of “56” for the navigation path of User C (205). This
semantic score of “56” is associated with User C, Topic A,
and User C navigation path, and stored in the expertise
database 104 (206). The analysis module 103 then calculates
a threshold score for Topic A using a sampling of semantic
scores associated with topics matching Topic A in the
expertise database 104 (207). Assume that this sampling
includes the semantic scores of User A and User B, and the
threshold score for Topic A is calculated to be “71”. The
threshold score of “71” thus represents the level at which a
user is considered to be an expert in Topic A. User A and
User B are thus both considered to the experts in Topic A,
while User C is not (208). Since the User C’s semantic score
does not meet the threshold score, then one or more prede-
termined actions are taken (209), such as suggesting that
User C contact either User A or User B.

As described above, embodiments of the present inven-
tion provide an efficient manner of automatically (without
user intervention) discovering navigation paths used by
experts in specific topics, thus requiring less computing time
and resources. The embodiments of the present invention
facilitate other users, who issue queries on these specific
topics, learning from the navigation paths used by the
experts.

FIG. 3 illustrates a computer system which may be
implemented as the computing device 101 or the client
computing devices 105-107 according to embodiments of
the present invention. The computer system 300 is opera-
tionally coupled to a processor or processing units 306, a
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memory 301, and a bus 309 that couples various system
components, including the memory 301 to the processor
306. The bus 309 represents one or more of any of several
types of bus structure, including a memory bus or memory
controller, a peripheral bus, an accelerated graphics port, and
a processor or local bus using any of a variety of bus
architectures. The memory 301 may include computer read-
able media in the form of volatile memory, such as random
access memory (RAM) 302 or cache memory 303, or
non-volatile storage media 304. The memory 301 may
include at least one program product having a set of at least
one program code module 305 that are configured to carry
out the functions of embodiment of the present invention
when executed by the processor 306. The computer system
300 may also communicate with one or more external
devices 311, such as a display 310, via I/O interfaces 307.
The computer system 100 may communicate with one or
more networks via network adapter 308.

The present invention may be a system, a method, and/or
a computer program product. The computer program prod-
uct may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but is not limited to, an
electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface in each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage in a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
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microcode, firmware instructions, state-setting data, or
either source code or object code written in any combination
of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program instructions by utilizing state information
of'the computer readable program instructions to personalize
the electronic circuitry, in order to perform aspects of the
present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion of instructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
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functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What is claimed is:
1. A method for expert discovery using user query navi-
gation paths, comprising:
intercepting, by a computing device, a query submitted to
a web server by a user;

in response to the interception of the query, triggering a
tracking, by the computing device, of web activities by
the user, the web activities comprising an order of
webpages visited by the user after submission of the
query;

determining, by the computing device, a topic of the

query;

associating with the user, by the computing device, a

navigation path comprising the web activities;
calculating, by the computing device, a semantic score for
the navigation path associated with the user using a
cognitive model, the semantic score for the navigation
path associated with the user representing a level of
expertise of the user in the topic, the cognitive model
previously trained with a dataset from an expertise
database comprising semantic scores for navigation
paths associated with known experts in the topic;
calculating, by the computing device, a threshold score
for the topic using a sampling of the semantic scores for
the navigation paths associated with the known experts
in the topic in the expertise database, the threshold
score representing a level of expertise above which a
particular user is considered to be an expert in the topic;
determining, by the computing device, whether the
semantic score for the navigation path associated with
the user meets the threshold score for the topic; and
when the semantic score for the navigation path associ-
ated with the user does not meet the threshold score for
the topic, performing one or more predetermined
actions.

2. The method of claim 1, wherein the calculating of the
semantic score for the navigation path associated with the
user using the cognitive model comprises: processing, by the
cognitive model, one or more of the following parameters:

an expertise of the user derived from a plurality of

sources, wherein the semantic score for the navigation
path associated with the user is adjusted when the user
is determined to be an expert in the topic;
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a number of steps in the navigation path associated with

the user;

a relevancy of contents of one or more webpages in the

navigation path associated with the user;

ranking of the webpages in the navigation path associated

with the user according to levels of relevancy to the
topic;

the user’s interactions with the webpages in the naviga-

tion path associated with the user; and

an amount of time the user spends on the webpages in the

navigation path associated with the user.
3. The method of claim 2, wherein the one or more
parameters further comprises at least one follow-up query,
wherein the method further comprises:
after submission of the follow-up query, calculating a
second semantic score for a second navigation path
associated with the user using the cognitive model; and

calculating a composite semantic score for the navigation
path and the second navigation path associated with the
user.

4. The method of claim 1, wherein the predetermined
actions comprise one or more of the following:

sending a message to the user to connect to another user

determined to be an expert in the topic;

sending one or more recommendations of webpages based

on webpages in topic-relevant navigation paths in the
expertise database; and

sending one or more recommendations for modifications

to the navigation path associated with the user based on
differences with the topic-relevant navigation paths in
the expertise database.

5. A computer program product for expert discovery using
user query navigation paths, the computer program product
comprising a computer readable storage medium having
program instructions embodied therewith, the program
instructions executable by a processor to cause the processor
to:

intercept a query submitted to a web server by a user;

in response to the interception of the query, trigger a

tracking of web activities by the user, the web activities
comprising an order of webpages visited by the user
after submission of the query;

determine a topic of the query;

associate with the user a navigation path comprising the

web activities;

calculate a semantic score for the navigation path asso-

ciated with the user using a cognitive model, the
semantic score for the navigation path associated with
the user representing a level of expertise of the user in
the topic, the cognitive model previously trained with
a dataset from an expertise database comprising seman-
tic scores for navigation paths associated with known
experts in the topic;

calculate a threshold score for the topic using a sampling

of the semantic scores for the navigation paths associ-
ated with the known experts in the topic in the expertise
database, the threshold score representing a level of
expertise above which a particular user is considered to
be an expert in the topic;

determine whether the semantic score for the navigation

path associated with the user meets the threshold score
for the topic; and

when the semantic score for the navigation path associ-

ated with the user does not meet the threshold score for
the topic, perform one or more predetermined actions.

6. The computer program product of claim 5, wherein the
calculating of the semantic score for the navigation path
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associated with the user using the cognitive model com-
prises: processing, by the cognitive model, one or more of
the following parameters:

an expertise of the user derived from a plurality of

sources, wherein the semantic score for the navigation
path associated with the user is adjusted when the user
is determined to be an expert in the topic;

a number of steps in the navigation path associated with

the user;

a relevancy of contents of one or more webpages in the

navigation path associated with the user;

ranking of the webpages in the navigation path associated

with the user according to levels of relevancy to the
topic;

the user’s interactions with the webpages in the naviga-

tion path associated with the user; and

an amount of time the user spends on the webpages in the

navigation path associated with the user.
7. The computer program product of claim 6, wherein the
one or more parameters further comprises at least one
follow-up query, wherein the processor is further caused to:
after submission of the follow-up query, calculate a sec-
ond semantic score for a second navigation path asso-
ciated with the user using the cognitive model; and

calculate a composite semantic score for the navigation
path and the second navigation path associated with the
user.

8. The computer program product of claim 5, wherein the
predetermined actions comprise one or more of the follow-
ing:

sending a message to the user to connect to another user

determined to be an expert in the topic;

sending one or more recommendations of webpages based

on webpages in topic-relevant navigation paths in the
expertise database; and

sending one or more recommendations for modifications

to the navigation path associated with the user based on
differences with the topic-relevant navigation paths in
the expertise database.

9. A system comprising:

a processor; and

a non-transitory computer readable storage medium hav-

ing program instructions embodied therewith, the pro-
gram instructions executable by a processor to cause
the processor to:

intercept a query submitted to a web server by a user;

in response to the interception of the query, trigger a

tracking of web activities by the user, the web activities
comprising an order of webpages visited by the user
after submission of the query;

determine a topic of the query;

associate with the user a navigation path comprising the

web activities;

calculate a semantic score for the navigation path asso-

ciated with the user using a cognitive model, the
semantic score for the navigation path associated with
the user representing a level of expertise of the user in
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the topic, the cognitive model previously trained with
a dataset from an expertise database comprising seman-
tic scores for navigation paths associated with known
experts in the topic;

5 calculate a threshold score for the topic using a sampling
the semantic scores for the navigation paths associated
with the known experts in the topic in the expertise
database, the threshold score representing a level of
expertise above which a particular user is considered to
be an expert in the topic;

determine whether the semantic score for the navigation

path associated with the user meets the threshold score
for the topic; and

when the semantic score for the navigation path associ-

ated with the user does not meet the threshold score for
the topic, perform one or more predetermined actions.

10. The system of claim 9, wherein the calculating of the
semantic score for the navigation path associated with the
user using the cognitive model comprises: processing, by the
cognitive model, one or more of the following parameters:

an expertise of the user derived from a plurality of

sources, wherein the semantic score for the navigation
path associated with the user is adjusted when the user
is determined to be an expert in the topic;

a number of steps in the navigation path associated with

the user;

a relevancy of contents of one or more webpages in the

navigation path associated with the user;

ranking of the webpages in the navigation path associated

with the user according to levels of relevancy to the
topic;

the user’s interactions with the webpages in the naviga-

tion path associated with the user; and

an amount of time the user spends on the webpages in the

navigation path associated with the user.
11. The system of claim 10, wherein the one or more
parameters further comprises at least one follow-up query,
wherein the processor is further caused to:
after submission of the follow-up query, calculate a sec-
ond semantic score for a second navigation path asso-
ciated with the user using the cognitive model; and

calculate a composite semantic score for the navigation
path and the second navigation path associated with the
user.

12. The system of claim 9, wherein the predetermined
actions comprise one or more of the following:

sending a message to the user to connect to another user

determined to be an expert in the topic;

sending one or more recommendations of webpages based

on webpages in topic-relevant navigation paths in the
expertise database; and

sending one or more recommendations for modifications

to the navigation path associated with the user based on
differences with the topic-relevant navigation paths in
the expertise database.
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